Background: Prolonged sedation is common in mechanically ventilated patients and is associated with increased morbidity and mortality. We sought to determine the diagnostic value of head computed tomography (CT) in mechanically ventilated patients who remain unresponsive after discontinuation of sedation.
Background
Sedation is frequently required for comfort in patients who require mechanical ventilation for management of respiratory failure, but it is associated with the common complication of delayed awakening. While daily interruption of sedatives has been suggested to reduce ventilator and intensive care unit (ICU) days by avoiding delays in patient awakening, this may not be easily accomplished in patients who require high levels of oxygen and positive end expiratory pressure to maintain normal oxygenation [1] . Thus, persistent unresponsiveness or delayed awakening after discontinuation of sedation is not an uncommon problem in ICU patients.
Delayed awakening not only holds up the discontinuation of mechanical ventilation and increases length of stay in the ICU but may also prompt physicians to embark on a medical work-up to evaluate the cause of continued unresponsiveness after discontinuation of sedatives. Head computed tomography (CT) scans and other neurologic work-up are often obtained to further evaluate these patients. However, obtaining a head CT requires transportation of critically ill patients out of ICU, which can be challenging due to increased morbidity and mortality related to the transport itself. Therefore, the benefits of diagnostic testing should be weighed against the risks of transport before the decision for transport is made [2] .
We noticed that in our medical ICU, persistent unresponsiveness after discontinuation of sedation is common and head CTs are frequently obtained as the initial work-up of persistent unresponsiveness after discontinuation of sedation in this patient population. We also observed that the decision to obtain head CT is not based on exam findings including neurologic examination without much thought being put into whether it will provide additional information or not. Persistent unresponsiveness after discontinuation of sedation can be due to multiple causes including metabolic complications, ongoing sepsis, epilepsy, encephalitis, cerebral anoxia as well as stroke. Therefore, head CTs are often obtained to further evaluate these patients; however, the diagnostic value of head CTs has not been evaluated in this specific patient population.
The purpose of this study was to evaluate whether obtaining head CT were useful for further assessment and management of mechanically ventilated ICU patients who remain unresponsive after discontinuation of sedation and who have a non-focal neurologic exam.
Methods

Subjects and Study Design
This was a retrospective review of consecutive patients in a single tertiary care medical center between November 2003 and November 2004. The study was approved by the Institutional Review Board at Northwestern Memorial Hospital and Northwestern University. Medical records from all patients admitted to the medical ICU between November 2003 and November 2004 were screened for study entry. Informed consent was waived because waiver of informed consent would not adversely affect the rights and welfare of the subjects and no data that will allow identification of the subject were collected. Inclusion criteria included the need for mechanical ventilation for respiratory failure for longer than 72 hours and failure to wake up with a non-focal neurologic exam after discontinuation of sedation. Forty-two patients out of a total of 380 screened met the entry criteria and their charts were retrieved for data collection. The inclusion and exclusion criteria of the study are summarized in Appendix 1. We also collected data from a control group of consecutive patients with respiratory failure requiring mechanical ventilation for longer than 72 hours who did not undergo a head CT evaluation for failure to wake up during the initial 4 months of study period (November 1, 2003-February 29, 2004).
Richmond Agitation-Sedation Scale (RASS) was used to monitor the depth of sedation. Although the target was set at -3 [(Moderate sedation), movement or eye opening to voice (but no eye contact)] or -4 [(Deep sedation), no response to voice, but movement or eye opening to physical stimulation), all patients had RASS score of -5 [(Unarousable), no response to voice or physical stimulation] based on neurologic exam findings [3, 4] .
Data collection
Data collected included patient demographics, etiology of respiratory failure, duration and type of sedation prior to discontinuation of sedation, coagulation profile, laboratory data including renal and liver function tests, neurologic work-up including head CT, magnetic resonance imaging (MRI) of head, electroencephalography (EEG) and lumbar puncture.
Statistical analysis
Data for patients who required head CT and those who did not were summarized using means and standard deviations for continuous variables and frequency distributions for categorical variables. Age between the experimental and the control group was compared using an unpaired t-test. Differences in sex, race, respiratory failure etiology, and sedation variables between the two groups were compared by Chi-square analysis. Statistical analyses to evaluate the distribution of data, calculation of median and interquartile ranges were performed using GraphPad Prism (GraphPad Prism 4 Software, Inc., La Jolla, CA). Significance was drawn at α = 0.05.
Results
Three hundred and eight patients were admitted to medical ICU with respiratory failure requiring mechanical ventilation for longer than 72 hours. Forty-two (14%) of these patients remained unresponsive for at least 48 hours after discontinuation of sedation and had no underlying neurologic conditions or abnormal neurologic exams. All of these patients underwent neurologic work-up starting with a head CT. For the control group, we examined 144 consecutive admissions within the first 4 months of the study period who required mechanical ventilation for longer than 72 hours. Of these, 102 patients awakened easily after discontinuation of sedation, did not require head CT and were included in final control group analysis. Table 1 summarizes patient and control group demographics. There was no difference between patient group (patients who required head CT) and control group (patients who did not require head CT) for any of the variables in the demographics.
The median time from discontinuation of sedation to obtaining head CT obtained was 2 days (interquartile range 1.375-2 days). Head CT was non-diagnostic in all but one patient who had a small subarachnoid hemorrhage. Twenty-five patients (60%) had normal head CT. (Table 2 ) Thirty-seven (90%) patients regained consciousness and became communicative after discontinuation of sedation. The rest of the patients (10%) required reinstitution of sedation for continued need for mechanical ventilation or worsened clinically and never regained consciousness. Among these patients, there was no significant association between failure to recover and the type, dose and duration of sedation. Median time to regaining consciousness after discontinuation of sedation was 4 days (interquartile range 3-5 days), which was 2 days after head CT was obtained.
The patient who had the only diagnostic head CT showing a small subarachnoid hemorrhage recovered from coma without focal neurologic deficits 5 days after head CT was obtained. In addition to head CT, five patients had a brain MRI, which did not show any acute events that could explain the unresponsiveness. MRI brain were performed only in patients who had severe thrombocytopenia (<20,000 cells/mm 3 ). The interval between head CT and MRI brain was 1 day. EEG was obtained in 10 patients showing no seizure activity in any of the patients. The most common result noted in EEG was diffuse slowing. Two patients underwent lumbar puncture for evaluation of cerebrospinal fluid, which was normal. Two-thirds of patients (27 patients, 64%) had thrombocytopenia (<100,000 cells/mm 3 ), and elevated aPTT (>35%). Fifteen (36%) patients elevated INR (>1.5). Only one patient had severe thrombocytopenia (<20,000 cells/ mm 3 ) and this patient was the one who had subarachnoid hemorrhage. Elevated creatinine (>2 mg/dl) was observed in one-third of patients (16 patients, 38%). None of the patients had elevated ammonia levels. There was no correlation between the presence of hepatic or renal dysfunction and the time to regaining responsiveness after discontinuation of sedation.
All patients received continuous sedation and were sedated longer than 7 days. The median duration of sedation before discontinuation of sedation was 12 days (interquartile range 7-14 days). There was no correlation between the duration of sedation prior to discontinuation and the time to regaining responsiveness. All patients received continuous sedation with a benzodiazepine (Lorazepam or midazolam) with or without fentanyl. Only eight patients (19%) had daily interruption of sedation. (Table 3 ). Analysis of the variables in the sedation method showed a statistically significant difference only in the use of daily interruption of sedation between patients and control group. Daily interruption of sedation was used more frequently in the control patients who did not have difficulty waking up after discontinuation of sedation and therefore did not need a head CT compared to patients who required a head CT for persistent unresponsiveness (37% vs. 19%, p < 0.05).
Two patients developed transient hypoxemia (SpO 2 <90%) lasting less than 15 minutes temporally related to transportation to radiology department for head CT. There were no other complications reported.
Discussion
The use of mechanical ventilation is usually accompanied by the need for sedative and/or analgesic agents [5] [6] [7] . Bair and colleagues reported that 85% of mechanically ventilated patients require sedatives and/or analgesics [8] . Prolonged sedation or delayed awakening is a common complication of sedation used to facilitate mechanical ventilation and is associated with increased morbidity and mortality. In addition, prolonged sedation may lead to unnecessary evaluation to exclude other causes of decreased responsiveness as neurologic examination is frequently not helpful in discriminating decreased responsiveness due to prolonged sedation from other causes. Our results suggest that head CT is of little value in patients who remain unresponsive after discontinuation of sedation in mechanically ventilated patients who have no underlying neurologic conditions and a non-focal neurologic exam. In addition to having little diagnostic value, the findings in head CT did not alter the management of these patients. Furthermore, our results suggest that head CT was performed early, within 2 days after discontinuation of sedation in majority (80%) of patients.
Administration of high dose, multiple medications and continuous infusions (vs. intermittent administration) is associated with increased likelihood of adverse reactions, prolonged sedation and mechanical ventilation, delayed weaning and increased length of stay in ICU [9] [10] [11] . In a prospective, randomized, controlled trial, Kress and colleagues reported that daily interruption of sedation until patients were awake led to a reduction in the duration of mechanical ventilation and ICU length of stay by 2.4 days and 3.5 days, respectively [1] . Furthermore, they reported a 50% reduction in the need to perform diagnostic testing to evaluate mental status in the daily interruption group (6 out 68 or 9% had head CT) than in the control group (13 out of 60 (22%) had head CT). In the control group, two brain MRI and 1 lumbar puncture were performed in addition to head CT. Our results support these findings by Kress et al. as a large majority of patients who underwent diagnostic work-up for continued unresponsiveness after discontinuation of sedation did not receive daily interruption of sedation and in contrast, the patients who did not have difficulty with awakening after discontinuation of sedation had a higher use of daily interruption of sedation. Overall only 38 of 102 (37%) patients had daily interruption of sedation, a relatively low number given the clear benefits of this strategy. To our knowledge, our data is the first to report on the usage of this strategy outside of clinical trial setting. Reasons for the low uptake are not clear but mirror those reported for the adaptation of the low tidal volume strategy for mechanical ventilation in ARDS [12, 13] .
In the same study, Kress and colleagues have reported only 4 of the 16 tests in the control group and 3 of the 6 tests in the intervention group provided an explanation for altered mental status [1] . Compared to the findings by Kress and colleagues, our study showed a lower percentage of diagnostic head CT scans. We speculate that this difference between our study and Kress et al. is most likely due to exclusion of patients with focal neurologic findings in our study, but it may also be due to differences in patient demographics and institutional and personal (physician-dependent) threshold for ordering a head CT for evaluation. Furthermore, the difference could also be due to higher use of daily interruption of sedation by Kress et al, which as shown by our data is associated with a lower rate of prolonged sedation, thus making a structural abnormality as the cause of unresponsiveness more likely.
Rafanan and colleagues reviewed the charts of patients who underwent head CT in all patients who were admitted to a single medical ICU [14] . Analysis of the data revealed that only the presence of a neurologic deficit predicted the results of head CT (positive vs. negative). In patients without neurologic deficit, only the presence of seizures was associated with a diagnostic CT. However, these investigators did not specifically evaluate the utility of head CT in patients who remain unresponsive after discontinuation of sedation in mechanically ventilated patients.
The transport of critically ill, mechanically ventilated patients within a hospital is challenging and may be associated with complications with increased risk of morbidity and mortality during transport [2, 15, 16] . Adverse outcomes including hypotension, bradycardia, tachycardia, cardiac arrest and significant hypoxemia were reported to occur in up to 70% of patients [2] . Thus, this decision should be based on a careful assessment of the potential benefits of transport weighed against the potential risk [15] . If a diagnostic testing requires a transport out of ICU and is unlikely to change the management or the outcome of the patient, the need for transport should be questioned. A review of the literature about the effect of intrahospital transport on critically ill patients showed that transport for diagnostic procedures resulted in a change in patient management only in 40-50% of cases [2] . Premature evaluation of such patients may have downsides including risks associated with patient transport and rising cost of care in the critically ill.
We acknowledge that our study had several limitations including retrospective analysis of patient charts, nonstandardization of neurologic exam, and a small sample size that may preclude a meaningful interpretation of the data.
Conclusion
We conclude that head CT is of limited diagnostic utility in mechanically ventilated patients who remain unresponsive with non-focal neurologic exams after discontinuation of sedative infusions and does not alter the management of any of the patients. Our results support that daily interruption of sedation may decrease the need for head CT in sedated, mechanically ventilated patients. A prospective, case control study may help to assess the diagnostic value of head CT in these patients.
